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SPECIFIC VOLUME OF MINERAL-MATTER-FREE COKE

W. R. K. Wu
U. S. Department of the Interior, Bureau of Mines -
Pittsburgh, Pennsylvania

ABSTRACT

A statistical method has been developed for obtaining the specific volume of
mineral-matter-free coke without knowledge of the specific volume of the mineral
matter contained therein, and the theoretical considerations on which it is based
have been discussed. Specific volume-carbonizing temperature and composition-
carbonizing temperature relations for mineral-matter-free cokes prepared from
bituminous coals in the temperature range 500° to 1,000° C, show that different
reactions take place below and above 700° C, Specific volume-composition rela-
tions of crystalline aromatic hydrocarbons, mineral-matter-free cokes, and hypo-
thetical aromatic hydrocarbons corresponding to the oxygen-, nitrogen-, and
mineral-matter-free cokes are in accord with the view that a disordered crystalline
structure exists in cokes from bituminous coals prepared in the carbonizing tem-
perature range of 500° to 1,000° C, An equation has been derived for calculating
the specific volume of the hypothetical aromatic hydrocarbbns, )
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The establishment of the structure of an unknown substance through a study
of its physical properties depends on prior knowledge of relations between physical
properties and chemical structure of authentic compounds, Thus, density or its
reciprocal, specific volume, an additive structural quantity, becomes one of the
most important for such a purpose.

The constitutive nature of specific volume has been used recently to study
the chemical structure of mineral- matter-free coal (1) (2). 1/ One of the diffi-
culties involved in such a study concerns the mineral matter in coal, since even
in specially prepared samples a small amount of mineral matter is unavoidable
‘and chemiical methods for its complete removal without modification of the coal
"substance ai'e' not ‘available, Therefore, exact calculation of the spec1f1c volume -
“of: ‘Tnineral- matter-free coal is poss1b1e only when the spec1f1c volume of the mm—
eral matter is known -

‘Th‘ere is no-direct method for.determiring the mineral matter as such’in”
_coal, Data on the composition of coal ash are available, .but to obtain the specific
volume of the mineral matter from these data assumptions have to be made as to
changes in the composition and density which took place during the ashing opera-
tion, An alternative is to assume that the specific volume of the-ash is identical
with that of the mineral matter. Such assumptions also involve the assumption-
that no organometallic combination exists in coal; in other words, that carbona-
ceous coal and mineral matter constitute a physical mixture,

Just as with coal, the specific volume of mineral-matter-free coke E/
can be used for studying chemical structure, However, since.the percentage of
mineral matter is higher in coke than in its parent coal, the effect of specific
volume of mineral matter upon the calculated specific volume of the mineral-
matter-free coke will be greater,

The purpose of this paper is to present a statistical method to obtain the
specific volume of mineral-matter-free coke in the absence of knowledge of the

1/ Underlined numbers in parentheses refer to items in the bibliography at the
end of this report.

Z/ In this paper the term coke indicates both coke and semicoke from coking
coals,
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specific volume of the mineral matter, and to discuss relations of the specific vol-
ume of the mineral-matter-free coke and its composition with the temperature of
preparation, and the sxgmf:u:ance of these relations to our knowledge of coke struc.’
ture,

Relationship Between Carbonizing Temperature and Composition and Crystalline
Structure of Coke or Char from Carbonaceous Materials

Statistical analysis‘of BM-AGA data 3/ has shown the dependence of the com-
position of cokes from bituminous coals upon carbonizing temperature (3) {4),
Linear, semi-logarithmic relations have been shown to exist between the atomic
hydrogen-carbon ratio and carbonizing temperature and the hydrogen content and
carbonizing temperature, both expressed on a dry, ash-free basis, In the tem-
perature range 500° to 1,100° C, these relations were expressed Sy the following
equations: log H/C = 0.5616 - 0,001781 T, and log H= 1,37 - 0.00165 T, where
H/C represents the atomic hydrogen-carbon ratio; H, percent hydrogen, T, car-
-bonizing temperature in °C,

According to the same analysis {3) (4), both the average percent oxygen and
the logarithm of the average percent volatile matter vary linearly with.the carbon-
izing temperature. In the range 500° to 600° C, both the volatile matter and the
oxygen contents of the parent coal were found to affect the respective content of the
resulting coke significantly, "

Furthermore, it has been shown that gaseous preducts from the carboniza-
tion of such widely different materials as glycine, bakelite, cellulose, bituminous
coal, anthracite, and petroleurn coke are similar in composition, particularly at
temperatures above that of initial decomposition (5) {6).- Chemical reactions during
carbonization of coal, lignin, cellulose, and a number of organic compounds at con-
stant heating rate (7) as well as those during degradation of cellulose and wood at
constant temperatu-;es (E) have been observed to be of first order,

It might, therefore, be expected that the mechanism of carbonization follows -
a general pattern for all carbonaceous materials, and that the relationships between
the composition of the solid product and the carbonizing temperature, found by
Lowry for cokes from bituminous coals (3) (4), would also be applicable to cokes or
chars from carbonaceous materials of w1de1y different camposition,

Available data on atomic hydrogen-carbon ratios and hydrogen contents of
cokes and chars from a wide variety of carbonaceous materials are plotted as func-
tions of carbonizing temperature in Figures 1 and 2. The parent carbonaceous mater-
ials, data for which are plotted on the y-axis, include cellulose (9), coals of differ-
ent ranks (9) (10), petrographic components (9), coal-tar pitch and its fractions {9)
{11), and organic compounds (9) (11); The heanno rate in each case was 5° C, pe€r
minute except when otherwise stated in the figure. The solid line in each figure re-
presents Lowry's equation for cokes from bituminous coals,

3/ Data from Bureau of Mines survey on carbonizing properties of American coals,
using Bureau of Mines-American Gas Association method.




. These plots show that during heating the slopes of the H/C vs, T and

"7; H vs, T lines for any carbonaceous material change sharply at a temperature
which may be defined as the decomposition point of the material, and then gener-
ally follow the slopes corresponding to the appropriate Lowry equation, The de-
composition temperature of the carbonaceous material decreases with an increase
of the atomic hydrogen-carbon ratio or the hydrogen contént of the material, From
the same plots it is evident that in the carbonizing temperature range, 500° to
1,100° C., the composition-temperature relation for all carbonaceous materials
can be represented by a straight line, This is true whether the composition is re-
presented by the atomic hydrogen-carbon ratic or by the hydrogen content, The
slope of this line probably is not too different from that of Lowry's line for cokes
from bituminous coals, Therefore, the composition of the solid product above the
decomposition temperature of the parent carbonaceous material depends essen-
tially upon the carbonizing temperature,

A plot based on Blayden and co-workers' data {9-11) (Figure 3) shows that
when a carbonaceous material is heated, little change in the crystallite diameter of
the resulting chars occurs up to the decomposition temperature of the material,

- Above this temperature the relation between the crystallite diameter and the carbon-
izing temperature generally follows a common straight line for all cokes and chars.
from carbonaceous materials of widely different composition, This correlation is
similar to that between composition-of cokes and ¢chars and carbonizing temperature
shown in Figures 1 and 2.

Diamond’ (:1,3) ‘shoWed the same pattern in his plots for the relation between
the mean layer size of cokes and chars from three bituminous coals and an anthra-
cite and the carbonizing temperature up to 1,000° C., and in those for the relation
between the mean bond length and the temperature up to 900° C, At a given carbon-
izing temperature the mean layer size of char from the anthracite was larger than
the corresponding sizes for cokes and chars from the bituminous coals, but there
was very little difference in layer size in cokes and chars from bituminous coals,

A similar relation held between temperature and mean bond lengths of cokes and
chars from these coals,

Thus, crystallite diameter and mean bond length of cokes and chars, parti-

_cularly from bituminous coals, depend largely upon the carbonizing temperature
between 500° and 1,000° C,

Finally, Franklin (14) found virtually the same density in the range 1,.000°

to 3,000° C, for cokes and chars prepared from different graphitizing carbonaceous

materials at corresponding temperature, but discrepancies existed among those
from nongraphitizing materials,

Method for Calculating Specific Volumes of Components
of Carbonized Carbonaceous Materials

The foregoing facts indicate that mineral-matter-free cokes and chars pre-
pared at the same temperature, in the range.500° to 1, 000° C,, and from carbona-

ceous materials of similar composition such as bituminous coals, may be treated
univariantly for statistical purposes, :
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The composition and density of mineral matter in coals may be expected to
differ, but such differences will be reduced in cokes and chars prepared at the same
carbonizing temperature, Further, cokes from a well prepared sample of a carbon-
aceous material usually contain only a small fraction of mineral matter, Accord-
ingly, the effect of the differences in the mineral-matter density upon the result of
the calculated specific volume of the mineral-matter-free coke will be minor, In
this work the assumption has been made that in the carbonizing temperature range
between 500° and 1, 000° C, the density of the mineral matter in cokes from differ-
ent carbonaceous materials but prepared at the same carbonizing temperature is con-
stant,

The foregoing discussion makes it evident that cokes prepared from coals at
the same carbonizing temperature in the range 500° - 1,000° C., may be considered
as a binary solid mixture, namely, a system composed of two pure solid components,
the mineral matter and the carbonaceous matter,

According to the law of mixtures, the density of a mixture of two componenis
can be calculated by the following relation:

Dm=(W1+W2)/(V1+Vz) e e e R £ 3

where Dy, represents the density of the mixture; w) and w2, the masses of the com-
ponents; v] and v2, their respective volumes,

By definition,

Di=wl/vli,or vi=wl /Dl « . « « o o « = s o « + » (2}
and,
Dp=wz/v2,or v2=w2/D2 . . . . ¢ v+« o o 0 . ()7

where Dj and D2 are densities of the components, If the masses of two components
are expressed on a percentage basis, then ,

Wi =100 - W2 . o 4 v e e e e e e e e e e e e .. ()
Substituting equations (2), (3), and {(4) into equation (1), we obtain

=(lOlo-wz)/(IOO/Dm-wz/Dz). R £-))

In applying equation (5) to the system of coke.s from carbonacéous materials, D) will
represent the density of the carbonaceous matter or the minetal-matter-free coke;
Dz, the density of the mineral matter in the coke; Dy, the density of coke; wp, the
mass percent of the mineral matter in the coke, A similar equation has been used
for calculating the density of mineral~matter-free coal (12).

When equation (5) is solved for 1/Dm, the following relation is obtained:

- -1 -1
=D 0.0t (D2 DI Wz e e e e e e e 18
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Hence the reciprocal density, or specific volume, of coke varies linearly with its
mineral-matter content, The y-intercept of the line of equation (6), obtained by
extrapolating the mineral-matter content of coke to zero, is equal to the specific
volume of mineral-matter-free coke,

Rigorous application of equation (6) can be made only when the amount of
mineral matter in coke is known, Determination of mineral matter as such is
difficult, However, data are available for the ash content of coke, determined by
standard methods, We may consider the ash content to be proportional to the

.mineral-matter content,

R T - )

where A is ash content and k a constant. Combining equations (6) and (7), and de-
signating the specific volume of coke as V; and that of mineral-matter-free coke
as Vp, we obtain

-1 -1 .
Vm=Vp+0.01k(Dz =Dl )A. . v . v+ « o . . .

Since coke is assumed to be a binary solid system,- D2 and D] are constant for ..
materials carbonized at the same- temperature. As a result, the'g:oeffi»ci_ent of A
in equatlon (8) xs a’ covxstant, K and ) ’ ’

vm-v FKA '-_. F RN s

" This e'@uat_iop assumes a linear relation between-specific volume and ash content: of-

cokes prepared from different carbonaceous materials at the same témperature;

The specific.volume of the mineral-matter-free coke, /D], can be determined-: 7 -

from the intercept, the specific volume of the mineral matter in the-coke, l/Dz,'
can be calculated from K in equation (9) if a value is known or assumed for k in
equa..mn (7).

~

Data on Cokes from Bituminous Coals

Data from Bureau of Mines-American Gas Association (BM-AGA) carboni-
_zation tests on 4] coals have been used for this study, These coals include the
following numbers in the Bureau of Mines survey on the carbonizing properties of
American coals: 10, 13-23, 26, 27, 31, 53, 54, 57-59, 62-64, 66-68, 71, 72, 75,
76, 81, 82, 85-91, 93, and 94, All are coking except 85.ﬁ/ Their volatile-matter
content on a dry, ash-free basis ranged from 16,3 to 46.7 percent, covering almost
the whole range of bituminous coals, *Their oxygen contents on the same basis
ranged from 2,1 to 17 percent, largely below 8, and sulfur contents from 0,5 to 2.9

percent, largely below 1, Their atomic hydrogen-carbon ratio ranged from 0,571
to 0,928,

All 4] coals were carbonized at 600°to 1,000° C, at 100° C, intervals, but
only 37 (all except 90, 91, 93 and 94) at 500° C., Carbonizations were carried out
- in the 13-inch retort, and in a few instances at 800°, 900°, and 1, 000° C, in the
18-inch retort. Almost all the data are averages of duplicate tests,

4/ Char from this coal will be referred to as coke in this paper,
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Variance analysis on data of several coals carbonized at 800°, 900° and .
1,000° C. in both retorts shows that at 5 percent significance level size of the _. -..
retort has no effect on density or on the hydrogen and the carbon contents of cokes, ™.
But the effect of the parent coal upon the density of the resulting coke appears signi- .
ficant at the same significance level, This effect apparently is largely because of ‘
the difference in the mineral-matter content among coals, although in a higher car- -
bonizing temperature range (1,000° - 3,000° C.) it has been found (14) that the \
density of cokes and chars depends not only upon the carbonizing temperature but
also on whether the material carbonized is graphitizing or nongraphitizing., Even.
if such an effect of the parent material exists between 500° and 1,000° C., it is
largely eliminated in this study since almost all coals were carbonized at each
temperature. ’
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Specific volumes of cokes at each carbonizing temperature have been corre-
lated with ash contents on the dry coke basis, and the least-squares method has been.
used to fit a linear regression Iine. As mentioned in the preceding section, the
! y-intercept of this line represents the specific volume of the mineral-matter-free
d coke at the same temperature. Both y-intercepts and slopes of least-squares lines
K for 500° to 1,000° C., cokes are shown in Table 1, It should be emphasized that
until more general application is demonstrated this specific volume of the mineral-
matter-free coke thus obtained can only be considered as an average value for the
4] coals studied. Table 1 also includes correlation coefficients, standard devia-
tions of estimate, and standard deviations of y-intercepts of the regression lines,

TABLE 1,- Results of Correlation Between Specific Volumes and Dry Ash
Contents of Cokes from Bituminous Coals

Vi = Vp + KA

; Carbon-

4 izing )

i tempera- Number Vp K. Standard Standard

“ ture, of - Correlation .deviation of deviation of

] °C. samples (y-intercept) (slope) coefficient m p )

f‘ 500 37 0.707 -0,00350 0,879 0.0064 0.0025

AN 600 41 . 650 - .00167 .571 . . 0082 .0032

) 700 41 .587 - ,00138 . 545 .0076 .0027
800 41 .554 - .00138 . 606 .0007 . 0026

i 900 41 .545 - .00180 . 718 . 0063 . 0025

N 1,000 41 .538 - 00112 . 392 . 0096 . 0037

The average specific volumes of both actual coke and mineral-matter-free

PR AR

coke decrease in a similar manner with the carbonizing temperature in the range

500° to 1,000° C. (Figure 4 and Table 2). For the mineral-matter-free coke, the
; relation is linear in the range 500° to 700° C,, and again linear, but with different
» slope and intercept in the range 800° to 1,000° C, In Figure 4, these functions are
N represented by dotted lines which intersect at about 700° C. Below 700° C. the.

dotted line coincides with the solid curve,
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The change of slope at about 700° C., as shown in Figure 4, indicates this
temperature to be significant in the process of carbonization. This is supported by
characteristic changes in other physical properties of cokes prepared at about the
same temperature. Maximum moisture absorption {(15) and carbon-dioxide adsorp-
tion (lé) have been reported for cokes prepared at about 700° C. A sharp increase
in electrical conductivity (16-19) and a decrease in magnetic susceptibility (20) also
have been determined to occur for cokes prepared at about the same temper_a_t—ure.
Furthermore, widely different carbonaceous materials gave off a maximum amount
of hydrogen during carbonization between 700° and 800° C, (5), (21-23),

Figure 5 shuws that the atomic hydrogen- and oxygen-carbon ratios for
cokes carbonized at 500° to 1,000° C, may also be represented by two straight lines
which intersect at about 700° C, The slope of these lines is greater at lower than
at higher temperatﬁres. The atomic nitrogen-carbon ratio is linear throughout the
whole temperature range. These facts, together with those mentioned in the last
two paragraphs, indicate two stages of reactions in the process of carbonization,

In the range of 500° to 700° C,, chemical reactions occur which may result in dis-
ruption of the carbon skeleton of the coal molecule and rearrangement of the newly
formed radicals and/or molecules. Above this temperature range, the principal
reaction may be condensation of the radicals and/or molecules from the first stage,
perhaps accompanied by dehydrogenation. Both condensation and dehydrogenation
result in elimination of hydrogen, the major gaseous product above 700° to 800° C,

- The specific volume of mineral-matter-free coke prepared between 500°
and 1,000° C, varies linearly with the atomic hydrogen- and oxygen-carbon ratios
as well as with the carbon content of the coke, The least-squares line for the atomic
hydrogen-carbon ratio of mineral-matter-freé coke lies above that for crystalline
polycyclic aromatic compounds (24), as shown in Figure 6. From the standard de-
viation of estimate of the latter line, data for the former line are not expected to
overlap those for the latter. Further, all coke data fall above the crystalline poly-
cyclic aromatics line, These facts indicate an imperfect crystalline structure of
cokes, as was also found to be true for high'rank coals (24).

The line for mineral-matter-free coke approaches that for crystalline .
polycyclic-aromatics more closely with increasing atomic hydrogen-carbon ratios
or decreasing carbonizing temperatures, This is evidently largely due to the
occurrence of oxygen and nitrogen in coke, However, one can correct for the
presence of oxygen and nitrogen. This hypothetical hydrocarbon has been designated
as the skeleton hydrocarbon of mineral-matter-free coke.

Occurrence of oxygen and nitrogen in coke indicates that their linkages,
possibly all with carbon atoms, in the coke molecule must be strong, Thus, itis
assumed that all the oxygen and nitrogen in coke exist in heterocyclic structures.
Using Traube's values of atomic volumes (2_5), one finds that displacement of each
oxygen atom in the heterocyclic compound by one CH2 group results in an increase
of 10,6 cc, per gram-molecular volume, and displacement of each nitrogen atom by
one CH group, in an increase of 11,5 cc. If Oy and Nj represent the numbers of
oxygen and nitrogen atoms, respectively, in the mineral-matter-free coke, the
heterocyclic compound, the total increase in the gram-molecular volume due to dis-
placement is 10.6 O + 11.5 Ny, Similarly, a decrease in gram-molecular weight




due to change of a heterocyclic compound into 2 corresponding carbocyclic one is
1.974 Oy + 0.990 Ny, In other words,

Vo= Vg #1006 Og + 115 Ny « « v v o v v o v 0 v o o o o o . (10)
W =Wy -1.9740-0.990NH « « « + o« o o v o o o o o o {11)

where VH and Wy represent gram-molecular volume and gram-molecular weight 7’
of the heterocyclic compound, and V¢ and W those of the carbocyclic compound, J

1f Sy be the specific volume of the heterocyclic coke molecule and S¢ that of the :
corresponding carbocyclic compound, then

SCEVEIWE « =+ v o v e e e e e e e e e e e e e e e 12)

Substituting equations (10) and (11) into equation (12) and dividing numerator and
the denominator by Cy, the number of carbon atoms in the heterocyclic coke mole- '
cule, we obtain

Sc=(Vy/Cy+10.60/Cytll, SNH/CH)/(WH/CH-I .9740H/CH-0.990NH/CH).
Since Viy/Cpy= Vyg/Wyx Wy/CH=Sy WH/CH . . . + « « . « . . = (13)
- therefore;
'_ Sc=(SyWyy/Cu+l10. 6OH/CH+11.SNH/CH)/(WH/CH-I.974OH/CH-0.9’9ONH/'C£_I)
' R S 1Y

If C, O, and N represent, respectively, the number of atoms of carbon, oxygen,.
and nitrogen per 100 grams of the heterocyclic compound, which can be calculated
from ultimate analysis data, then Wy/Cy=100/C; Oy/Cy=0/C; Ny/Cy=N/C.

Therefore, from equation (14),
SC=(SH100/C+10.6O/C+11.SN/C)/(IOO/C-1.974O/C-O.990N/C) .. (15 .

Using equation (15) and average values from Table 2 for atomic ratios and
specific volumes of the mineral-matter-free cokes at different carbonizing tempera- "~
tures, the specific volumes of the skeleton hydrocarbons of the cokes are calculated.
The result are shown in Table 2, and the least-squares line of the calculated values )
is plotted in Figure 6. The line is almost parallel to the crystalline polycyclic aro- ’
matics line, This fact is in accord with the earlier statement that the occurrence of ,
oxygen and nitrogen in the coke is largely responsible for the mineral-matter-free
coke line lying closer to the polycyclic aromatics line in the region of high atomic /
hydrogen-carbon ratios. Also, correction for nitrogen and oxygen content shows
that the significance of the data for mineral-matter-free cokes is the same, regard- 7
less of temperature, as an indication of a disordered crystalline structure. in cokes. ,

Comparison of average values of atomic oxygen-carbon ratios with their stand
ard deviations in Table 2 shows that the experimental error is large compared with



,v A
= P CEP N ates: o it

nguy /T,

R

P

I~

s /,u:\ -

[PPSR SO

<

L e e i T, A bk, T

the oxygen content because it is obtained by the difference between 100 and the sum -
of percentages of ash, sulfur, carbon, hydrogen, and nitrogen in the ultimate analy-
sis, However, the effect of this error upon the calculated specific volume of the
skeleton hydrocarbon is negligible,

The difference between the lines for the mineral-matter-free coke and the
skeleton hydrocarbon, as shown in Figure 6, decreases with decreasing atomic
hydrogen-carbon ratio of the coke, Such difference should reduce to zero at zero
value of the atomic hydrogen-carbon ratio of the coke, This agrees with the fact
that the y-intercepts of the equations for these lines are almost identical. This
point of intersection may be considered as the specific volume of a hypothetical, :
pure carbon. However, until data for higher temperatures are available, the relation- -
ship between the specific volume and the atomic hydrogen-carbon ratio, whether of
mineral-rnatter-free coke or its skeleton hydrocarbon, must be restricted to the car-
bonizing temperature or the atomic hydrogen-carbon ratio range studied,

. Table 3 shows the least-squares equations and their correlation coefficients
for the lines in Figure 6 for crystalline polycyclic aromatic hydrocarbon, mineral-
matter-free coke, and skeleton hydrocarbon,

TABLE 3, - Least-Squares Equations for the Relationship Between Specific Volume
and Atomic Hydrogen-Carbon Ratio of Different Classes of

Substance
Class of Correlation
substance Equation coéfficient
Crystalline polycyclic aromatic Sp. vol, = 0,457 + 0,508 H/C 0,978 "
hydrocarbon : R
Mineral-matter-free bituminous  Sp, vol, = 0,502 + 0,450 H/C . 993
coke : :
Skeleton hydrocarbon of mineral- Sp. vol. = 0.506 + 0,483 H/C .994

matter-free bituminous
coke

* From bibliographic reference 24,

It has been mentioned that the density of the mineral matter in coke can be

calculated from equation (8) if the value of k is known,

For approximation, k may

be assumed equal to unity, considering the difference between the determined ash
content and the mineral-matter content in coke to be negligible,
lated density of ash in cokes prepared between 500° and 1,000° C, varies between
2.1 and 2,8, with 2,4 as an average value, Density determinations have been made
of the ash of Hernshaw Bed coal; for the whole coal, the density is 2,71; for the
bright band, 2,67; and for the dull band, 3.03. A value of 2,7 for coal ash has been

reported in the literature {12),

The average calcu-




CONCLUSIONS

It has been shown that the composition of the solid carbonization product,
whether judged by the atomic hydrogen-carbon ratio or the hydrogen content of the
product, depends largely upon the carbonizing temperature in the range from the
decomposition temperature of the parent material up to 1,100° C,

The.decomposition temperature of carbonaceous materials varies with their
composition, Below this temperature, little change occurs in the composition of the
solid carbshization product, but above it the composition-temperature relation of the
product follows a common straight line for cokes and chars from widely different
carbonaceous materials, - ‘

Changes of crystallite diameters and the mean bond lengths of cokes with the -
carbonizing temperature up to about 1,000° C, generally follow the same trend as
that for the composition,

A linear relation has been shown between specific volume and ash content of
cokes, The intercept of such a.line corresponds to the average specific volume of
mineral-matter-free coke, and the slope is related to the specific volume of the
mineral matter in qoke. )

) _ A temperature of about 700° C, has been found to be significant in the carbeni-
-'zation process, This' is- supported by the relations of carbonizing temperature to <~ --
specific volume. of mmeral matter-free coke and to its average atomic hydrogen- and

oxygen-carbon ratios. .These relations indicate--as has other experimental evidence--

two stages of reactlons. Chemical reactions up to about 700° C, may result in dis= "+

ruption of the carbon skeleton of the coal molecule and rearrangement of newly formed

radicals and/or molecules, while above this temperature the principal reaction may
be condensation of the radicals and/or molecules from the first stage, perhaps
accompanied by dehydrogenation,

The specific volumes of mineral-matter-free cokes prepared in the tempera-
ture range from 500° to 1,000° C, are greater than thosé of the crystalline polycyclic
aromatic hydrocarbons having the same atomic hydrogen-carbon ratios, indicating
a disordered structure of the cokes., The same conclusion can be drawn from a com-
parison of specific volumes of the hypothetical aromatic hydrocarbons corresponding
to oxygen-, nitrogen, and mineral-matter-free cokes with those of the polycyclic
aromatic hydrocarbons, An equation has been derived for calculating the specific
volume of the hypothetical hydrocarbons from that of their parent mineral-matter-
free cokes,

P

N ~,
PEIENE S -

-




“

A i i S

oW N
* o o

10,

11,

12,

13,

1a,
‘15,
16y

7.
18,
19.
20,

21,

22,

23,

24,

25,

BIBLIOGRAPHY

van Krevelen, D, W,, Brennstoff-Chem. 33 (1952) 260.
van Krevelen, D, W,., and Chermin, H, A, G., Fuel 33 (1954) 79.

Lowry, H, H., Chem. & Ind., 69 (1950) 619,

Lowry, H, H,, Landau, H, G , and Naugle, L, L,, Trans, Am, Inst. Mining

- Franklin, R..E.; Proc. Roy, Soz, A209 (1951) 196

Met., Engrs, 149 (1942) 297,
Cobb, J, W,, Fuel 23 (1944) 121, :
Bolton, K,, Cullingworth, J, E., Ghosh, B. P., and Cobb, J. W,, Jour,

Chem, Soc, (1942) 252, .
van Krevelen, D, W,, van Keerden, C., and Huntjens, F.J., Fuel 33 (1951)

253,

Stamm, A, J,, Ind, & Eng. Chem, 48 (1956) 413,

Blayden, H, E., Gibson, J., and Riley, H, L., Proc, Ccnf, Ultra-Fine
Structure of Coals and Cokes, June 1943, Brit, Coal Utilization Research
Assoc,, London, p. 176, i

Blayden, H, E., Noble, W,, and Riley, H. L., Jour, Iron Steel Inst, 139
(1939) 75, .

Blayden, H., E,, Gibson, J., and Riley, H, L., Inst, Fuel Wartime Bull, Feb,
(1945) 117,

Wandless, A, M., and Macrae, J, C,, Fuel 13 (1934) 4,

Diamond, R., X-Ray Study of Some Carbonized Coals, . Ph, D The51s, Umver-
sity of. Cambndge, July 19556,

MacPherson, H., Slater, L., and Sianat, F. S.,. Fuel 7 (19‘23) 444, . )
South Metropohtan Gas Company Chemical Department, The Solid Products of --
the Carbomzatlon of Coal, South Metropohtan Gas Company, London, 1934,
123 pp.
Fischer, F., and Pﬂeider, G., Ges, Abhandl Kenntnis Koh.le 4 {1919) 394,
Koppers, H,, and Jenkner, A,, Fuel 11 (1932) 416. . )
Pinnick, H. T., Proc. lst & 2nd Conf, Carbon, University of Buffalo (1956} 3, -
Honda, H., and'Ouchi, K., Magnetochemical Studies of Coals and Their Related
Substances, Rept. No. 1, Resources Research Institute, Agency of Indus-
trial Science and Technology, Kawaguchi, Japan.
Bolton, K., Cullingsworth, J. E, Ghosh, B. P,, and Coob, J, W,., Jour,
Chem, Soc, (1942) 252, ’
Burgess, M, J., and Wheeler, R, V,, ibid. {1910) 1917,
Burgess, M. J., and Wheeler, R, V., ibid. (1911) 649, :
Wu, W, R, K., and Howard, H, C., Specific Volume-Composition Relations in
the Study of Coal Structure, presented at Amer, Chem, Soc, Annual Meeting,
New York, N, Y., Sept., 1957,
Traube, J., Ber, 28 (1895) 2722,




3 T 1 i T T T 1 T T T T ﬁ
2+ -
,
1= —
- N -
8 -
; a
2 -
nr 2 g.l.!\\ °
35 s —
\\
L a -
v v
v
Y -
]
o
‘Q " L
o
w 2 * o —
< "o
= H
Tio Log ¢ = 05616-0.001781T
Q
=
e
<
10— —
08— —
LEGEND
06— Coke or char from: ]
o Cellulose
— & Peat —
] - carbonized under 0.8 Ib. per sq. in. *
x Noncoking coal <carbonized under 7.01b, per sq. in.
o4 o Weakly coking coal
it a . carbonized at 5° C. per min, \ -
o Coking coal < o nized at 2° C. per min. a\
. + Anthracite \ .
» Vitrain \ v
=~ o Fusain \ —
o Coal-tar pitch \\
o Carbon-tetrachloride extract of coal- tar pitch : \
v Carbon-~tetrachloride extraction residue of coal- tar pitc ° °
v Glycine a
» Dibenzanthrone
02 va -
o
a
P
Dt 1 1 } | | ] | ] ! I ]
2 i ) 1,200

800
CARBONIZING TEMPERATURE, °C.

Flgure 1. - Relationship between atomic hydrogen-carbon ratio

and carbonizing temperature.

Ta



Eh.-4

e S e e e

g i

~

HYDROGEN CONTENT, M. A. F. PERCENT

10 1 ! I t i i i i
8
6
- a \
'S 2
a L]
o
4 H
v v
I~ ]
2
+ )
o
4
Log. H = 1.37-0.00165T g% *
' o
XV
L ]
10— b
o
sk 5 ;
a, Lad .
L o L] .
a
6 g
v
A
I LEGEND -
Coke or char from:
41— e Ceilulose ¥ R
A Peat 29
[ ] L carbonized under 0.8 Ib. per sq. in.
x  Noncoking coal < yronized under 7.0 Ib. per sq. in. \
o Weakly coking coal \
— a . carbonized at 5° C. per min. LN
o Coking coal < ponized at 2* C. per min. N
+  Anthracite . \y
a9 Vitrain . o\
o Fusain
o Coal=tar pitch
2 o Carbon-tetrachloride extract of coal- tar pitch ° 20
v Carbon -tetrachioride extraction residue of coal-tar pitch
v Glycine : "
» Dibenzanthrone : v
=4
P
1 | I I ! l | !
0 800 1,200
CARBONIZING TEMPERATURE, °C.
Figure 2. = Relationship between hydrogen content and carbonizing

. temperature.




CRYSTALLITE DIAMETER, La

LEGEND
Coke or char from:

® Cellulose v 7
40 t— A Peat
O Weakly coking coal
& Coking coal carbonized at 5° C. per minute
©  Coking coal carbonized at 2° C. per minute
+  Anthracite
B Vitrain
® Fusain o]
o Coal-tar pitch o
© Carbon-tetrachloride extract of coal-tar pitch (1]
t— v Carbon-tetrachloride extraction residue of coal-tar pitch a
v Glycine + 0O
© Dibenzanthrone oA
o,
+ +x7 A
Pod
a
» A.Do o °
+ + + Pa v
30%— : 3 v
[} o
s & 4
v ' -
©a
> Y
) ] o o © » a
j_ . s P g
[ ) é,
o © v a
a
©® po o -]
° ]
va © o o YV o
° v 4
20— U ° ©°
3 fe) i
o]
[
10 L | | I ! ] 11 ! ! ]
0 400 800 1,200

CARBONIZING TEMPERATURE, °C.

Figure 3. - Relationship between crystallite diameter and carbonizing

temperature.




N

S TS ALl R G~

S

~

T e e T

—

N
Y

o

0.70

SPECIFIC VOLUME

.65

50

I

J¥;“"MLNW;JAM~“

400

Figure 4. -

600 800

CARBONIZING TEMPERATURE, °C.

1,000

Reletionship between specific volume of coke and

carbonizing temperature.



0.5

xlo
(]
=
e
<

— 0.02
e
\
oozl
>
o
I e
c ANy
- .02 N
~N
o ZI‘-’
olo 2)
Q .01 S_
E <
<
.01
p
AN
\T
0 | I 1 | 1 0
500 600 700 800 900 1,000
CARBONIZING TEMPERATURE, °C.
Flgure 5. - Relationship between average composition of coke

(moisture~, sulfur-, and ash-free basis) and
carbonizing temperature.

Somia



S0

+90UBY8qNE8 JO §3/STTO JUIAISIITD JO OTIBI

uoQIuo-udFoIpAY OTWOYE PUB SUMTOA OTIToads ussmyaq dTYSUOTY

o] .
n omwoLy

B19y

10

- *9 eandTd

u0QIeI0IPAY JjRWOR
- an2kokiod ‘sunjeyski)

809 Snoujwniiq
Ba1}-JajjeW-[erRuIW
10 UogIed0.pAY UCIB|ANS

809 shoupwnig
904} JayIeW: [BIBUIN

e e £ s L MM S e m s 7 e w2 e £ 2L N s e e sz ~ -~ —_— -

-

L0

JAWNT0A J14133dS



